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Abstract
We assess the eects of regulatory caps in the loan-to-value (LTV) ratio using agent-based models
(ABMs). Our approach builds upon a straightforward ABM where we model the interactions of
sellers, buyers and banks within a computational framework that enables the application of LTV
caps. The results are rst presented using simulated data and then we calibrate the probability
distributions based on actual European data from the HFCS survey. The results suggest that this
approach can be viewed as a useful alternative to the existing analytical frameworks for assessing
the impact of macroprudential measures, mainly due to the very few assumptions the method
relies upon and the ability to easily incorporate additional and more complex features related to
the behavioral response of borrowers to such measures.
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Non-technical summary
Since housing is one of the most important sectors of the economy, the development of real estate
bubbles and crashes plays a very important role in almost all nancial crises.

The complexity

and interrelation of housing market characteristics makes the modelling of housing sector-related
macroprudential measures often highly challenging.
In this paper, we assess LTV cap measures in the housing market using an agent-based model
(ABM) which consists of home property sellers, buyers and banks. The economic environment, in
the form of credit provision by banks and the applied LTV caps, is mapped onto behavioral reactions
by the dierent agent types that eventually result in the emergence of a one-step housing market
settlement/clearance state, where specic properties are sold at specic prices. The market-clearing
mechanism consists of parallel auctions of dierent quality properties, allowing for dierent types of
seller and buyer agents. Each buyer agent will always go for the highest-quality property rst but, with
a given probability, he/she will also decide to participate in auctions of lower quality and lower starting
asking price properties. With another given probability, they will opt for a higher down payment to
overcome potential credit restrictions imposed by the application of an LTV cap measure.
Results based on simulated data are presented rst.

In this case we assume that initial liquid

wealth, total wealth, LTV at origination and property value parameters follow three types of probability
distributions in which initial liquid wealth and LTV at origination can be correlated (positively or
negatively). Since the cap constraint becomes binding for a signicant proportion of households under
the assumption that there is no change in their household's liquid assets and their ability to come up
with the required down payment, the application of an LTV cap naturally shifts the distribution of
buyers towards lower price ranges.
After this simulation exercise, the relevant probability distributions are calibrated on actual European
data. In that context, the second wave of the Household Finance and Consumption Survey (HFCS)
is used. We also deploy a copula-based approach for the estimation of multivariate distributions of
initial liquid wealth, debt-service-to-income ratios, LTV ratios and HMR Value at origination.
We nd that in this database high LTVs correspond mainly to the low and medium value of
the house price range.

Hence, when we impose a cap on LTV, low and medium value houses are

more aected than high value houses. This evidence reveals the presence of sub-prime mortgage loan
segments in the European loan markets, which is one potentially signicant feature with macroprudential
policy implications.
When impacts are calculated country by country, it is understood that these results are not entirely
homogeneous among countries; however, strong similarities between clusters of European countries
can be observed.
The results show that the approach is a useful and possibly complementary alternative to the
existing analytical frameworks for assessing the impact of borrower-based macroprudential measures
such as the LTV cap.
The major benets of such an approach are the very few assumptions the method has to make on
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the functional/distributional forms of the observed credit lending parameters, the lack of dependency
on specic or complex data sources (any data source that enables the calibration of joint distributions
would suce), and the ability to easily incorporate additional features related to the behavioral
response of all agents to such measures.
These results have clear macroprudential policy implications, since they allow gauging the potential
impact of applying LTV caps both on the total number and the price impact of houses sold for each
price segment of the house market.

Such an analysis may also provide some guidance as regards

banks' total credit contraction post-application of a specic measure that could be further used in
informing conventional macroeconomic models.
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1

Introduction

Housing is one of the most important sectors of modern economies, probably the largest asset
class in the world, owing to its relationship with macroeconomic dynamics. The literature (see, for
example, Reinhart and Rogo (2013)) shows that real estate bubbles and bursts characterize almost
all nancial crises, with the recent episode of the Great Recession being no exception.

However,

because housing price characteristics such as illiquidity, locality, leverage or heterogeneity often render
modelling demanding and dicult, researchers sometimes choose convenient shortcuts that represent
a good approximation in most environments.
In this paper, we use an agent-based model to assess the eects of caps to the loan-to-value
(LTV) ratio in the evolution of portfolio credit parameters, the impact on the provision of credit by
banks and the the evolution of housing prices following the application of such caps.
There is relatively extensive literature on housing markets. On the one hand, much conceptual
work has started to appear related to macroprudential policy; some examples are Kuttner and Shim
(2012), Nier et al. (2012), Kannan et al. (2012), and Christsensen (2011). Mendicino (2012) shows
that countercyclical LTV ratios in response to credit growth can smooth the credit cycle, whereas
Unsal (2011) examines the relation between monetary policy and macroprudential regulation in an
open economy DSGE model with nominal and real frictions. The author nds that macroprudential
measures can usefully complement monetary policy. A useful recent paper summarizing the experiences
with ex ante impact assessments of macroprudential instruments can be found in CGFS (2016).
On the other hand, research, though still scarce, is evolving on the empirical modelling side.
Crowe et al. (2011) use state-level US data to nd a positive relation between LTV at origination and
subsequent property appreciation. Lim et al. (2011) evaluate the eectiveness of macroprudential
instruments such as LTV caps in reducing systemic risk over time and across markets using data from
49 countries. Price (2014), as well as Bloor and McDonald (2013), use a Bayesian VAR to conduct
ex ante counterfactual analyses prior to the introduction of borrower-based policies in New Zealand.
Building upon the same approach, Cussen et al. (2015) conduct a micro simulation exercise based

1

on loan-level data to quantify the impact of various caps on loan volumes in Ireland . Almeida et
al. (2006) provide evidence that in countries with higher LTV ratios, house prices and demand for
new borrowers are more sensitive to income shocks.

Lamont and Stein (1999) nd that in cities

where a greater fraction of households have high LTV ratios, house prices respond more sensitively

2

to economic shocks . For Korea, Igan and Kang (2011) nd that LTV and debt-to-income ratio caps
help to contain house price growth.

Finally, Lambertini et al.

(2011) highlight the importance of

an expectations channel developing a model of the housing market that incorporates expectationsdriven cycles, then showing that countercyclical LTV rules responding to credit growth can reduce
the volatility of loans and the loan-to-GDP ratio.
1

Further related work for Ireland can be found in Hallissey et al. (2014), Lydon and McCarthy (2013) and Kelly
(2011).
2
A list of related studies includes, with no intent of being exhaustive, Gerlach and Peng (2005), Ahuja and Nabar
(2011), Wong et al. (2011), Funke and Paetz (2012), and Wong et al. (2014).
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The contribution of our paper, seen against this evolving strand of the literature, is to simulate
a handful of simple models with agent-based techniques and to assess their eciency in capturing
the underlying dynamics. The intention is not to provide a fully-edged analytical framework, rather
a proof of concept on the suitability and eciency of such behavior-capturing models to contribute
to the impact assessment of macroprudential measures of this type. Therefore, the emphasis of the
work is not on the numerical result itself but on the pros and cons of the modelling framework.
ABMs are not novel in the literature; some examples are Farmer (2014), Dawid et al. (2011),
Colander et al.

(2008), Gilbert et al.

(2009) or LeBaron and Tesfatsion (2008).

Our approach is

based on Axtell et al. (2012 and 2014), who proposed a new and comprehensive model of the housing
market of Washington, DC. This particular modelling approach is innovative in the literature in the
sense that micro-level data is used to calibrate behavioral equations instead of postulating theoretical
top-down behavioral rules. The main focus of their work was on demonstrating the causal relationship
between leverage and the formation of a housing bubble.
Following the same overall approach in the use of multiple sources of micro data to elicit behaviors,
Baptista et al. (2016) develop an ABM of the UK housing market to study the impact of macroprudential
policies on key housing market indicators. This view enables them to tackle the heterogeneity in this
market by modelling the individual behavior and interactions of rst-time buyers, home owners, buyto-let investors and renters from the bottom up, as well as to observe the resulting aggregate dynamics
in property and credit markets.
In line with these works, in our paper the housing market is viewed as a universe of interacting
heterogeneous agents comprising sellers, buyers and banks.

Following autonomous decision rules,

these agents interact directly with one another and with the economic environment, producing an
overall economic outcome that emerges from complex interactions and that cannot be easily derived
from the agents' objectives and behavioral rules.
In this respect, Table 1 compares our framework with the two aforementioned closest references.
It is interesting to notice that our approach is the simplest one because we do not envisage to predict
housing prices but to assess the impact of the application of borrower-based macroprudential measures.
That is the reason why we do not consider neither investors nor renters in our model.
Since they largely inuence the choice of simplications in our approach, there are two specic
characteristics of the task of measuring the impact of macroprudential measures that should be
noted. First, the results are relative in the sense that answers are sought on metrics (credit provision,
housing prices) with or without the application of caps. Second, for the time being, one-time-step
models are more critical to design, since our focus is on the impact related to the application of the
macroprudential measure and not on the convergence of more complex multi-hop ABM that tend to
focus on forecasting the housing cycle.
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Buesa, Laliotis and Población
(2019)

Baptista et al. (2016)

Axtell et al. (2014)

Macroprudential policy in an

An agent-based model of the

agent-based model of the UK

housing market bubble in

housing market

metropolitan Washington, DC

Policy questions to
address

(1) Booms and bust dynamics
conditional on...
...size of rental/Buy-to-let
sector ...dierent types of
Buy-to-let investors
(2) Qualitatively assess the
eect of macroprudential
policies, such as a
loan-to-income ratio limit

Housing price dynamics (booms
and busts)

Impact of borrower-based
macroprudential measures
(LTV, LTI caps)

Agent types

Households, banks, central bank

Households, banks

Households, banks and
regulators (could be a central
bank or a government)

Home buyers and sellers,
investors

Home buyers and sellers

Supply of mortgage loans

Supply of mortgage loans

Set LTV and LTI

-

Set LTV caps

-

-

Set LTV caps

-

-

-

Markets in the model

Housing and rental market

Housing and rental market

Housing market, mortgage loan
market

Demographic features
for households

Age (related: birth, death and
inheritance)

-

-

Empirical calibration

Micro calibration: Household
survey, housing market data;
macroeconomic indicators

Micro calibration: Household
survey, real estate transactions
data, mortgage loans series

Any micro-data source that
covers the required inputs
(possibly HFCS database for
European countries)

Household types
Role of
Role of
agents
Role of
Role of
rms

bank agents
central bank
government
non-nancial

First-time buyers, buy-to-let
investors, renters,
owner-occupier
Supply of mortgage loans

An Agent-based model for the
assessment of LTV Caps

Note: Table 1 compares our framework with the two aforementioned closest references (Baptista et al. (2016) and Axtell et al.
(2014)).

Table 1: Comparison between this paper and its closest peers in the literature.

The above characteristics are directed towards a proof of concept type of study, where onetime-step agent models are considered the basic building module, with the calibration design process
focusing on the relative dierence rather than absolute levels.
simulated results based on stylized, yet pragmatic assumptions.
probability distributions from empirical data.

As a result, we initially present
Subsequently, we calibrate the

We use the second wave of the European Central

Bank's Household Finance and Consumption Survey, and we use a copula-based approach for the
estimation of multivariate distributions of initial liquid wealth, debt-service-to-income ratios, LTV
ratios and HMR Value at origination. Based on these real data probability distributions, we present
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the distributions of properties that are actually traded in the auctions pre- and post-application of an

3

absolute LTV ratio cap, as well as under the assumption of a proportionate cap . Finally, we divide
the sample by country in order to present the results at the country level.
The remainder of our paper is organized as follows: In Section 2, we sketch an outline of the
model and its components. In Section 3, we present the results, rst from a series of simulations and
subsequently based on a model calibration on real survey data to demonstrate the impact of applying
an LTV cap to empirical data. Section 4 concludes.

2

The agent-based model

ABMs are computational models in which heterogeneous agents interact directly with one another
and with their economic environment, following autonomous decision rules.
Our approach is based on a very straightforward ABM where we model the interactions of sellers,
buyers and banks within a computational framework that maps the economic environment (in the
form of credit provision by banks and the applied LTV caps) into the emergence of a one-step housing
market settlement/clearance state (specic properties are sold at specic prices during the one-step
time interval).

Therefore, the ABM can be viewed as a set of parallel-run property auctions, one

for each seller, on the oered (by the sellers' universe) properties, where buyers' behavioral trends
and banks' imposed nancing constraints dene the demand side.

Since the problem is that of

assessing the impact of imposing LTV caps, the whole computational model has to be set up as a
relative/dierential model in the sense that the results should be compared in the pre- and post- LTV
cap cases.
In that context, we restrict ourselves to a single time step - how the housing market clears for
one period with or without the cap - and we ignore any multiple period aspects - how housing prices
evolve over time and how this is linked to the formation of price imbalances.

This consideration

is relatively scarce in the ABM literature, where more often the target is to predict the long-term
equilibria for an entire housing cycle, that is, the multiple-period evolution of house prices and the
respective imbalances.

2.1

The seller agents

The model assumes that there are

N

sellers at the beginning of the period, each of them oering a

single property in the market. For each seller there is a parallel auction with all the buyers interested
in buying the house. This implies that from a computational perspective,

N

parallel auctions would

be needed in order to identify a nal market clearing ratio, dened as the percentage of

N

that is

3
Throughout this paper, it is assumed that an absolute LTV cap refers to a measure in accordance with which banks
are not allowed to deviate from the imposed cap for any borrower. In contrast, a proportionate cap means that banks
are allowed to exceed the imposed cap for a certain proportion of their newly originated exposures, i.e., some borrowers
are indeed allowed to be granted loans in excess of the cap level, based on the banks' credit assessment.
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nally sold in the market, and the equilibrium prices for those properties. The latter also entails the
emergence of a settlement price for all properties: A transaction price for those sold and an average
bid-ask price for those not sold.
The model is agnostic regarding the actual distribution of seller-asked prices. It only assumes that
sellers uniformly cover the entire spectrum of the market, with no concentration on specic segments
of buyers.

More precisely, sellers can be ordered based on the asking price

Si ,

an ordering that is

linked to the quality of the property, i.e. a higher price corresponds to a higher-quality property, with
the term quality representing several quality-related features of the property, such as location, size,
age, and proximity:

S = S1 , S2 , . . . , SN , S1 ≤S2 ≤ · · · ≤SN
Calibration includes the setting of initial asking prices at levels that would ensure uniformity across
the distribution of buyers, although alternative and more complex distributions of starting asking prices
for the seller agents can be incorporated relatively easily.
For the sellers, the model also assumes a passive behavior in the sense that they start the auction
with an asking price.

If they are not lifted, that is, if the transaction does not originate by a

corresponding buyer willing to pay the asking price, they will lower their asking price with probability

pSd ,

trying to match a buyer agent in the auction until a limit of a xed factor

Si

from the initial asking price

r

is reached. In other words, there is a probability

percentage points

pSd

that a seller, if

not matched by a buyer at the initiation of the auction process, will gradually mark down its asking
price from

Si

to

Si × (1 − r)

in an attempt to match a buyer: This is what we call an aggressive

S
seller. Obviously pd becomes important for calibration purposes, since it denes the supply side and
the behavioral tendency of seller agents to mark down property prices.

2.2

The buyer agents

Buyer agents represent the households seeking to buy a property for their housing needs. A liquid
wealth distribution is assumed for each buyer, a percentage of which may be used for the down
payment of a mortgage loan. Each buyer is assigned an original LTV ratio which, combined with the
maximum preferred down payment, results in the highest value of property up to which the agent can
bid. Therefore, we assume a set of bids

B

from

M

buyer agents:

B = B1 , B2 , . . . , BM , B1 ≤B2 ≤ · · · ≤BM .
where


n
o
Dk
min
,
a
Ö
ω
LT Vk < 1.
k
1−LT Vk
Bk =
aÖω ,
LT Vk ≥ 1.
k
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LT Vk

represents the loan-to-value ratio associated with buyer agent

k

drawn from a probability

distribution. Essentially, agents with an LTV ratio above 1 will bid as much as a multiple a of their
liquid wealth

ωk .

and a multiple

As for those having less than unity LTVs, they will choose between the latter amount

1/(1 − LT V )

liquid wealth in the range

of the down payment

(a1 , a2 )

Dk ,

which is randomly drawn as a fraction of

or calibrated on the basis of an empirical distribution.

The model also assumes that each buyer agent will always go for the highest quality property and
bid in auctions for properties of higher value given the practical limitations imposed by its buying value
price

Bi .

The model also assumes that with probability

pB
d,

buyer

k

will also decide to participate in

auctions where the starting asking price of the seller is smaller (up to a xed factor
buying price

Bk .

g ) than its original

This gives buyers the opportunity to react to excessive demand and competition by

participating in the auctions of lower quality properties, always within the limits of a given distance

g

S
from the maximum quality they can attain with their buying price. Therefore, as in the case of pd for
B
seller agents, pd for buyers represents their tendency to also go for lower quality due to overcrowding
B
conditions. A high value of pd reects a higher density of buyer agents due to excessive demand.
The behavior of a buying agent during the initial phase, when no LTV limits/caps are considered,
can be summarized by the decision tree in Figure 1.

This gure shows with a decision tree the behavior of a buyer agent's during the initial phase, when no LTV
limits/caps are considered.
Figure 1: Buyer Agent's Decision Tree for the No LTV cap case.
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For the case of the agent's behavior following the application of LTV caps, an additional option
is modelled:

The choice, with xed probability

qdB ,

to raise the down payment for the mortgage

so that the buyer ends up competing for properties that were within his quality reach before the
implementation of the LTV cap (increased own participation). In other words, when the cap constrains
the buyer agents to participate in auctions with properties below the range they had been allowed
prior to the cap, they may opt with probability

qdB to

raise their down payment by increasing the part

of household initial liquid wealth they consume in the purchase of the property. If such an increase
does not allow them to participate in auctions for properties they would have participated in the no
cap case, buyers remain inactive in the auctioning process.
Calibrating the value of

qdB

is a sensitive matter given that it is an artefact of our model through

which buyers can liquefy their wealth. We assume that increasing the down payment is linked to a
stable or improving nancial situation; the European data used in the empirical exercise in Section
3.2 allows for some tentative calibration; more details can be found in Appendix 2.
With this addition, the buyer agent's behavior in the case of the application of LTV caps is
summarized by the decision tree in Figure 2.

This gure shows with a decision tree the behavior of a buyer agent's in the case of the application of LTV caps.
Figure 2: Buyer Agent's Decision Tree for the LTV cap case.
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2.3

The auction process

The N seller agents' prices

S = S1 , S2 , . . . , SN , S1 ≤ S2 ≤ · · · ≤ SN ,

are selected in a way that they

are distributed across the entire spectrum of the buyer agents' bidding prices
The easiest way to achieve this computationally is to divide the

∗
buyers for each bucket. By letting Bi , i
bucket, the asking price of seller

i

= 1, 2, . . . , N

is set as

Si =

Bi∗

M

buyers into

B = B1 , B2 , . . . , BM .

N

buckets, using

N/M

denote the maximum buying price within each

+ε

where

ε

denotes a small positive constant.

Although such an assignment of asking prices is quite agnostic regarding the supply-side distributional
characteristics, it corresponds to the relative strong assumption of a homogeneous market where sellers
are distributed uniformly across the dierent quality segments. Based on the above description, Figure
3 schematically depicts the auctioning mechanism of

N

parallel auctions with the dierent types of

sellers (aggressor and non-aggressor) and buyers (opting for lower-quality and non-opting ones).
The market clearing process can then be treated as a set of parallel auctionsone for each
propertywith the buyers' behavioral patterns fully dening the auctions' demand side. Computationally,
this set of parallel auctions can be fully resolved by starting with the auction at the higher valued
property and serially resolving lower-quality properties. This serialization enables the gradual clearance
of both sellers and buyers, since buyers that have been successful in bidding a higher valued property
can be removed from lower quality auctions.

This gure depicts the auctioning mechanism of N parallel auctions with the dierent types of sellers (aggressor and
non-aggressor) and buyers (opting for lower-quality and non-opting ones).
Figure 3: Schematic representation of the parallel auctioning process.

The cap case is treated exactly the same as the additional behavioral characteristics for buyer
agents accounting for exibility, as discussed in the relevant section: Mutating to lower quality property
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auctions and increasing down payments to reach the quality of the properties targeted by the agent
in the no LTV cap case. Behavioral characteristics are maintained intact in the two runs: Aggressors
are the same in both runs, and buying agents opting for the lower quality options will do the same
for the LTV cap case.
Based on the above assumptions and behavioral models, the market clearing process is shown to
converge for both cases (no cap and cap). It is important to point out that by controlling the number
of buying agents relative to that of sellers, the probability that selling agents are willing to hit the bid
of the best buyer if not lifted at the auction initiation and the probability that a buyer mutates to the
auctions of lower quality can be used to calibrate the simulation process, provided that they are set
to levels achieving the desired clearing ratio (percentage of properties sold before the LTV cap) and
demand uplift indicator (percentage of properties sold at a price higher than the one asked by the
seller): Essentially a combination of setting both the number of buying agents and their tendency to
mutate.
It is relatively straightforward to calibrate control parameters so that the desirable clearing ratio
and uplift ratio are attained in the no LTV cap case, and it is considered economically reasonable
to restrain the initialization parameters to the two mentioned above.

By way of the construction

mechanism, the no LTV cap auction process results in an initial LTV distribution nearly identical to
the desired one.
In this paper, we impose two dierent kinds of LTV caps: A simple absolute LTV cap and a more
sophisticated one, the proportionate cap, in which banks are allowed to deviate from applying the cap

4

only to a percentage of borrower exposures . This second case requires the denition of a certain
pecking order, based on which the deviation from the cap is applied to potential borrowers. In this
case, we have assumed two dierent types of pecking order.
The rst proportional cap benets those with higher total wealth, which are the more likely to be
granted a loan with an LTV exceeding what is allowed by the cap. To be more realistic, we added
stochasticity to this selection process, allowing for some degree of randomness: A buyer is allowed to
exceed the LTV cap with a probability that is analogous to his/her total wealth level; after selecting
those that may be allowed to exceed the imposed cap, they are ranked based on their respective total
wealth, and starting from the top ones, a serial selection process identies the prospective buyers with
the most total wealth until the exposure limit of the proportionate LTV cap is reached.
In the second type of proportionate cap, buyers closer to the median in total wealth will have a
higher probability of receiving the loan with a higher LTV than what is allowed by the cap. Concretely,
in this case, the probability of receiving the loan with a higher LTV than the one allowed by the cap is
going to be inversely proportional to

|W ealthT otal −W ealthM edian |
, where
W ealthM edian

|·| represents the absolute value.

In both types of proportionate cap, this process may also involve some trial-and-error simulations in
order to identify the number of borrowers that would be needed in order to reach the exposure
percentage above the cap.
4

Proportionate caps are common in OECD countries. See, for example, ESRB (2016) and Central Bank of Ireland
(2015).
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3

Results

In this section, we elaborate on the results from our model. These results are important as a whole
because they demonstrate that even simple ABMs that allow for the disaggregation of agents' basic
behavioral characteristics may be used to assess or evaluate problems that can be viewed as problems
of signicant diculty when demand and supply are treated in an average or aggregated manner.
A rst exercise uses a collection of simulated probability distributions to study the main features
of the responses and the sensitivities to selected parameter.

In a second pass, we calibrate the

distributions based on empirical European data extracted from the second wave of the HFCS survey
combined with a copula methodology which helps us produce multivariate distributions of initial liquid
wealth, total wealth, LTV ratio and property value at origination.

3.1

Simulated data

We carried out our study assuming that loan-to-value ratios and wealth follow three dierent types
of probability distributions. The property value distribution function is derived from the LTV density.
Our starting points are a Gaussian with mean 0.75 and standard deviation 0.5 for LTV, and with
mean 50 and standard error 15 for liquid wealth. Based on the Gaussians, we nd densities from the
Log-normal and Rayleigh

5

families which cover the same range for both variables but exhibit dierent

skewness and kurtosis. The chosen distributions are shown in Figure 4.

This Figure shows dierent assumptions for probability distribution of the LTV ratio (left) and the liquid wealth
(right): Normal, Log-normal and Rayleigh. The brown area represents overlaps between the three distributions.
Figure 4: Probability distributions of LTV ratio (left) and liquid wealth (right).

The multiplicity of starting densities considered acts as a robustness exercise for our results but,
more importantly, may be used to model groups of agents with dierent behavior in empirical exercises
where data is scarce. For instance, one can think of a sample of home buyers obtained from a country
5

The probability density function of a Rayleigh distribution with parameter ρ is f (x ρ) =
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2ρ

ρ2
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where wealth is more uniformly distributed around the median and agents do not contract mortgage
loans with high LTVs, even in the absence of a cap, owing to cultural aversion for overindebtedness.
The absolute LTV cap is set at 80% which corresponds to a reasonable level for most jurisdictions
although, as will be discussed later (Table 2), by comparing the results for dierent LTV caps, useful

6

insights into relative market impact can be extracted .
The left hand side of Figure 5 summarizes the impact of the LTV cap on the distribution of 10000
buyer agents for the Gaussian case, which are allocated in buckets corresponding to the value of the
property they are bidding for. The application of an LTV cap shifts the distribution of buyers' bids
towards the lower end of the price range, since the cap becomes binding for a signicant proportion of
buyers if we also assume that there is no change in their household's liquid assets and their ability to
come up with the required down payment. The inverse is true for higher-priced homes, where demand
is relatively weak due to the cap application.
One interesting eect arises when combining dierently shaped distributions for LTV and liquid
wealth; on the right hand side of Figure 5 we exhibit the particular case of a Rayleigh density for
LTV ratios and a Gaussian distribution for liquid wealth.

As a consequence of the cap, a sizeable

mass of buyers from the upper and lower end of the property range clusters more intensely around the
average-valued homes, in a behavior mimicking that of a proportional cap penalizing buyers whose
wealth is further from a centrality measure such as the median, which will be analysed later in this
section.

In this Figure we exhibit two particular cases. Case 1 (left) shows Gaussian density for LTV and liquid wealth whereas
Case 2 (right) shows a Rayleigh density for LTV ratios and a Gaussian distribution for liquid wealth. The brown area
represents overlaps between both distributions.
Figure 5: Pre- and post-cap distributions of buyer agents with simulated data.

From a statistical point of view, it is reasonable to reckon that the correlation between LTV
and wealth distributions plays a major role in the shape of the results. Despite having agnostically
assumed zero correlation in the previous exercise, most estimates for European countries from the
6

Throughout this section and unless stated otherwise, we use the following calibration: N = 7500, pSd = 0.2, pB
d =
0.15, qdB = 0.3, r = 0.2, g = 0.1, a = 5, a1 = 0.25, a2 = 0.95.
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HFCS survey yield values of -0.3 on average; we therefore decide to compare the distribution of
buyers across property buckets for ve dierent correlations, which we show in Figure 6. Using the
zero case as a benchmark, a greater positive correlation naturally shifts the distribution of buyers
towards lower price ranges, since the cap constraint becomes binding for a signicant proportion of
households under the assumption that there is no change in their household's liquid assets and their
ability to come up with the required down payment.

In the most extreme case (right corner) the

distribution becomes bimodal, as if the market were more uniform, still slightly polarized around two
types of representative property: One high-quality for the wealthy households who sign mortgages
with high LTVs, and one low-quality for poor households who become prudent and borrow as little as
possible. For the negative correlation cases, the eect seems to be much more marked: The average
traded price decreases abruptly while low-tier buyers with high-LTV loans ood the auctions for the
cheapest properties.

In this Figure we compare the distribution of buyers across property buckets for ve dierent correlations in the
Gaussian-Gaussian case. Histograms correspond, in order, to correlation values of {-0.75, -0.3, 0.0, 0.3, 0.75}. The
green are represents the no LTV cap case, the red area represents the 80% LTV cap case and the brown area
represents the overlap of both distributions.
Figure 6: Distribution of buyers for dierent correlations between LTV and liquid wealth.

Figure 7 sketches the ordered (based on their respective bidding price) buyer agents and the
bidding prices pre- and post- LTV caps. It also visualizes the non-uniform eect on prices that is also
observed by comparing the distributions of Figure 5.

This suggests that dierent segments of the

housing price curve would be aected in a possibly dierent way. The magnitude of such eects would
also depend on the households' initial liquid wealth distributions and the assumptions on their ability
and willingness to increase down payments.

Apart from the stylized approach used in the results

presented here, where it is assumed that this behavior does not change post-application of LTV caps,
the use of more-granular data to model possibly evolving behavioral patterns of buyers may result in
signicant changes in the way the demand side is comprised after the application of the cap.
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Based on their respective bidding price, this gure sketches the ordered buyer agents and the bidding prices pre- and
post- LTV caps.
Figure 7: Ordered buyer agents' bidding prices pre- and post-LTV cap.

Figure 8 presents the distributions of properties that were actually traded in the auctions, and it
visualizes the potential impact of imposing an LTV cap on the number of properties sold and on the
relative prices of these transactions. It is worth noting that the chart compares the pricing impact on
individual properties that were traded under both market assumptions (LTV cap and no LTV cap),
since the auctioning process may not warrant that the same individual properties changing hands after
the application of caps. This gure is illustrative of the dampening eect of applying an LTV cap
on both the amount and the prices that change hands on the basis of the specic agents' behavioral
assumptions.

This gure presents the distributions of properties that were actually traded in the auctions for the Gaussian-Gaussian
case using a correlation value of -30%. The brown area represents the overlap of both distributions.
Figure 8: Distribution of prices for sold properties pre- and post-LTV cap.

Taking into account the results from Figure 7 and 8, it is clear that the number of sold properties
increases, especially in the price buckets around the mean value, and decreases in the higher-valued
properties. One last consideration for the benchmark exercise of an absolute cap relates to how the
distribution of agents pre- and post-cap may vary if liquid wealth increases by the same amount for
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all buyers. Our ABM is not particularly sensitive with the benchmark calibration but points in a very
intuitive direction: As shown in Figure 9, if wealth uniformly increases by one tenth of the initial
value, the same buyers will be placed in auctions for mildly more expensive properties. Graphically,
this entails a shift from the left to the right edges of the distribution.

This Figure shows the distributions of buyers for an overall 10% increase in wealth before (left) and after (right) the
imposition of an LTV cap. In both cases there is an area which represents the overlapping areas for both distributions.
Figure 9: Eect of a global 10% increase in initial wealth on the distribution of buyers.

In addition to what has been presented above, a wider set of metrics and indicators can be
collected and compared for the two cases in question. Table 2 summarizes the ndings for simulated

S

B

runs for dierent LTV cap values and market density parameters (N/M ,pd ,pd ). Simulation results
are presented for several runs that represent dierent levels of LTV caps (0.9, 0.85 and 0.8). The
results in dierent clearance ratios in the rst column of the table segments can be used to determine
the combination of parameters that would be closer to the real conditions of the housing market. In
other words, for each city or country, it is possible to obtain yearly data on sold properties and the
stock of unsold properties to infer the clearance ratio and market density (N/M ). With these real
data, from Table 2, we can infer

pSd , pB
d,

and other model initialization parameters.

The two segments of the table that refer to the cap and no cap cases also present statistics on
the average traded price, the percentage of transactions that were secured by aggressive buyers, the
percentage increase on the transaction price due to the aggressiveness of the buying agents and the
split of the transaction price between credit provided by the bank and buyers' down payments.
Deriving metrics on the impact on housing prices is challenging due to the indexation process that
might be required and the heterogeneity of the impact on dierent segments of the curve due to the
crude way the LTV cap impacts the demand side of higher quality properties. On the other side,
based on the assumptions made, estimating the variation of banks' credit provision levels and increased
own participation levels is a straightforward process due to the detailed available data associated with
the individual agents of the simulated model.
Nevertheless, in Table 2 we present two of those metrics; namely, the dierence in credit provided
by banks (capturing the credit supply impact) and the dierence in property prices that were cleared in
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7

both cases through the auctioning process . These two estimates may be used as a proxy to compare
the impact of dierent LTV cap levels on both credit supply and housing prices. It is worth noting
that in Table 2 dierences in credit are much higher than dierences in prices. This is because the
dierence in prices is estimated based on common sold properties (pre- and post-cap application),
whereas dierence in credit is taken from the whole sample.

In this table we present the ndings for simulated runs for dierent LTV cap values and market density parameters.
Table 2: Simulation results for dierent parametrizations of the model.

7
We have to be careful when assessing the housing price decline gures, since what is presented here is the dierence
in prices for properties that were sold in both cases, ignoring the other eects of properties that could not be sold due
to the LTV cap. Deriving meaningful house price metrics for assessing the impact on house prices of the application
of the macroprudential measure may not be a trivial task; however, since all the activity is captured at the agent level,
several measures may be assessed.
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The rst nameworthy feature in Table 2 is that if we increase

pSd

pB
d,

and/or

the clearance ratio

increases because more houses are sold. It is interesting to note as well that, as expected, the higher
the cap, the higher the percentage of buyers increasing down payments in order to buy a property.
Conversely, if we increase

pB
d,

the percentage of aggressors increases, but with a dierent intensity

depending on the clearance ratio.
Dierences in credit and price increases are more negative when there is a lower cap.

This is

unsurprising, since the lower the cap, the less credit is directed to buyers and, consequently, the less
houses are sold.
prices.

As explained above, the reduction in credit is much higher than the reduction in

Additionally, the dierence in overall credit supply increases with

prices increases with

pB
d,

because when we increase

pSd

and/or

pB
d,

pSd

and the dierence in

there are more transactions, and

consequently, the cap aects more transitions, which has a stronger impact on prices and credit.
As a last observation, we have to note that although the actual cap level appears to be the
dominant factor in determining the impact on the demand, density parameters do have some importance
in some cases. Therefore, we tend to believe that calibrating the model using real data would reect
prevailing market dynamics especially concerning LTV distributions and the dominance of buyers
or sellers which may signicantly contribute to the accuracy of the results.
The eect of an increase in

r

and

g

before the introduction of the cap is negligible; however,

following the cap, the eect on the clearing ratio and the number of aggressor buyers is more visible,
as Figure 11 illustrates;
while

g

r

is the markdown on prices the seller is willing to accept with probability

is the maximum distance that, with probability

psd

pbd , one buyer will deviate below the auction for

the most expensive property he can aord. Both parameters are exibility metrics; it is unsurprising
that if they increase, the clearing ratio grows as there is more room for matching of buyers and sellers.
The percentage of aggressor buyers, on the other hand, is only a function of the probabilities

Figure 10: Sensitivity of key auction variables to changes in

A similar logic applies when looking deeper into the mechanisms behind

r

and

psd

pd .

g.

and

pbd

in Figure 11:

The more likely buyers or sellers are to haggle around the transaction price, the more properties will
be sold thus increasing the clearing ratio. Besides, if

psd

increases a buyer will be more likely to nd

himself bidding for a property which in principle he could not aord, so the percentage of aggressors
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should fall because their desired eect is somehow coming from the supply side of the market. Finally,
a larger

pbd

implies by denition more aggressor buyers, as seen in the rst part of the red series on the

left hand side; however, a non-linear eect arises after a threshold is reached, from where the number
of aggressors falls, likely when the market is too saturated because of the rest of calibrated values.

Figure 11: Sensitivity of key auction variables to probabilities

3.2

psd

and

pbd .

Real data for European countries

In this sub-section, results based on the estimation of a multivariate distribution of initial liquid wealth,
total wealth, LTV ratio and HMR Value at origination from a real data set

8

are presented. To this end,

we resort to the Household Finance and Consumption Survey (HFCS), a compilation of household
surveys from European countries unied and collected by the European Central Bank.
Participating institutions, which are national central banks or national statistical institutes, conduct

9

their own wealth surveys . The HFCS provides the Eurosystem with harmonized micro-level data on
euro area households' nances and consumption. The survey is conducted with a frequency of two to
three years, with 2016 (second wave) as the most recent year that the current model calibration and
assessment is based on.
The HFCS database is composed of questions that refer to the household as a whole. These questions
are answered by one main respondent or by individual household members.

Basic demographic

information is requested in a personal questionnaire for all participating household members above
sixteen years old. The survey part, covering household-level questions, encompasses real assets and
8

Since there is enough data in the database for the four variables, we do not need to simulate property values from
the LTV probability distribution function as we did in the simulation case.
9
See https://www.ecb.europa.eu/pub/economic-research/research-networks/html/researcher_hfcn.en.html Link.
A number of studies use the survey data for the primary purpose of measuring household vulnerability. See, for
example, Gross and Población (2017), May et al. (2004), Johansson and Persson (2006), Vatne (2006), Herrala and
Kauko (2007), Hollo and Papp (2007), Fuenzalida and Ruiz-Tagle (2009), Sugawara and Zalduendo (2011), Costa and
Farinha (2012), Djoudad (2012), IMF (2012), Albacete and Lindner (2013), Albacete et al. (2014), Ampudia et al.
(2016) and ECB (2014).
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their nancing, liabilities and credit constraints, private businesses and nancial assets, intergenerational
transfers and gifts and consumption/savings.

Questions to individuals cover employment, future

pension entitlements and labor-related income (other income sources are covered at the household
level).
However, even though HFCS data are harmonized, since macroprudential policies are implemented
dierently in each country, HFCS empirical distributions might already be constrained by LTV, LTI
and DSTI limits that each country has imposed

10 .

This is a rst limitation of our study because the

framework would dier when imposing a tighter or looser LTV constraint in a country with existing
caps. This issue cannot be solved because we cannot reconstruct the database assuming that there
were no measures in place; fortunately, however, the active measures at the time of the survey were
very few. We give more details in the country analysis section.
The second limitation of our empirical study comes from the fact that the HFCS dataset is a survey
on outstanding, rather than new, loans. Hence, there may be a bias to cover longer-maturity (and
therefore larger) mortgages. The impact of an LTV limit would instead be on new loans and thus
would not aect the entire distribution.
We use the well-known nonparametric approach (copula-based approach) for the estimation of multivariate
distributions of initial liquid wealth, debt-service-to-income ratios, LTV ratios and HMR Value at
origination. Our implementation of the nonparametric approach is via an accept-reject algorithm that
can be sketched as follows. We start by estimating a four-variate Kernel distribution function (using
an Epanechnikov Kernel) for each combination of. The four-variate probability density function
will be bounded by four pairs of minima and maxima.

f (x)

Uniform random numbers are strewn into

these bounds, which delineate a four-dimensional polyhedron. Whenever a quartet of uniform random
numbers falls under the joint probability density function, the quartet is accepted; otherwise, it is
rejected.

The resulting random numbers from the accepted draws will replicate the shape of the

initial four-variate distribution

11 .

It is interesting to note that no distributional assumptions are

imposed, neither on the marginal distributions nor on the copula that together constitute the joint
distribution of the risk factors we examine.
In Figure 12, we present bivariate probability distributions based on the multivariate distributions of
initial liquid wealth, debt-service-to-income ratios, LTV ratios and HMR Value at origination from the
HFCS database.
Based on this multivariate probability distribution function, Figure 13 illustrates the distributions of
properties actually traded in the auctions pre- and post-application of an LTV cap. We consider an
absolute 85% limit.
10

See, for example, ESRB (2016) to nd some concrete examples.
For details about this general technique, which is an alternative to inverse CDF transform-based methods, see, e.g.,
Ross (1990). The alternative to the so-called smooth bootstrap version we describe here is what one could call `plain'
bootstrap, which would not involve a univariate or multivariate Kernel estimator in the rst step but would resample
directly from historical data. The reason for considering a smooth bootstrap is to avoid replicating possibly ne though
spurious details in the data, which is a concern in short samples in particular.
11
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Using the HFCS database we present the bivariant probability distributions based on the multivariate distributions of
initial liquid wealth, debt-service-to-income ratios, LTV ratios and HMR value at origination.
Figure 12: Probability distributions for aggregate HFCS data.

On one hand, in the previous section we have explained that in both proportionate caps the probability
of exceeding the LTV cap is based on the total wealth. In the rst one, the higher the wealth, the
higher the probability whereas in the second one this probability is higher in medium wealth households.
On the other hand, from Figure 12 we observe that on aggregate high wealth is related to moderate
LTV values (seldom above 100%) whereas mid- and low-level wealth are linked with high LTVs. From
the standpoint of our exercise, buyers with their LTV ratio in the medium range (and the upper part
of the income distribution) are the most likely to exceed the cap in the wealth-related proportionate
case; such eect is likely to be present under a median-centered cap, too, but now buyers to the left
of the median (not very wealthy, still with moderately low LTV) can also beat the cap.
For the absolute cap, most of the market movement is clustered in the low-quality housing range,
where buyers with high LTV will purchase fewer properties. This evidence can hint the existence of
subprime layers of loans in the European mortgage market, which is something with quite substantial
macroprudential policy implications. In parallel, wealthier agents with high LTVs will shift to cheaper
segments. All in all, the combination of both yields a displacement of the transaction mass to the left
of the distribution. However, as we will explain in the next section, these results are not homogeneous
among countries.
The application of an LTV cap may have dierent impacts in dierent segments of the housing
market, which, can lead to undesirable consequences. That is why it is reasonable to consider the
possibility of a proportionate cap instead, as explained in the second section. As stated in Section
2, the proportionate cap requires the denition of a certain pecking order based on which the cap
is applied to clients. In the rst case, we have assumed that banks show a preference to wealthier
buyers. By doing so, banks comply with the intuitive creditworthiness principle, which suggests that
potential borrowers with higher total wealth are more likely to be granted a loan with an LTV that
exceeds the cap threshold.

In the second variant, buyers closer to the median in wealth will have
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a higher probability of receiving the loan with a higher LTV than the one allowed by the cap. This
illustrates a more expansive policy for banks that are trying to distribute the excessive leverage to a
larger number of potential borrowers of lower average wealth.

This gure illustrates the distributions of properties actually traded in the auctions pre- and post-application of three
LTV caps (one absolute and two proportionate caps). The table under the graph reects the absolute change in
traded properties with respect to the no-cap case.
Figure 13: Distribution of prices for sold properties pre- and post-LTV cap - HFCS data.

The aggregate HFCS results for the case of proportional caps are misleading, in the sense that they
suggest that all three caps generate almost identical responses.

For this reason, we postpone the

analysis for the two cases to the following subsection, where much clearer conclusions can be drawn.

3.2.1

Country analysis

The HFCS database comprises twenty countries. However, as can be seen in Table 3, we do not have
the same number of households with all the required information for each country. Moreover, in some
of them (FI, HU, LV, MT, SI), the number of data-sucient households is too small to carry out a

12 .

proper analysis, and consequently, they had to be excluded

For the remaining countries, we compared the period of data collection for each national survey
with applications of LTV caps by the relevant authority. Cyprus, Latvia and Poland introduced limits
as the survey was taking place; only the Netherlands, for which data was gathered in January and
February 2014, had a loan-to-value cap of 100% since 2012

13 .

12

In the case of Finland, no households at all with all the required information are available.
More precisely, the Netherlands introduced a cap of 106% in 2012 which progressively lowered 100% in 2018.
Among the 589 valid households in the survey, only 4% contracted loans between 2012 and 2014.
13
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Country code
AT
BE
CY
DE
EE
ES
FI
FR
GR
HU

# Of valid households
372
508
362
827
307
1016
0
2260
198
41

Country code
IE
IT
LU
LV
MT
NL
PL
PT
SI
SK

# Of valid households
1566
546
507
33
114
589
262
1756
139
192

Total

11595

This table presents the number of households in HFCS database with all information available by country. Rows in
red represent countries ruled out of the analysis due to an insucient number of households.
Table 3: Number of households in HFCS database with all information available by country.

Before showing what our agent-based model has to say on the application of caps across countries,
a closer look at the initial loan-to-value ratio distributions

14

for each geography, shown in Figure 14,

reveals notable dierences in a number of dimensions; In terms of the third moments, densities are
clearly left-skewed for Austria, Cyprus, Germany, and right-skewed for Spain, Ireland and Portugal;
regarding kurtosis there are some cases of platykurtic distributions, most noticeably Poland and
Slovakia, in contrast with Spain and Portugal which are more leptokurtic. These features, along with

15 ,

those of wealth distributions

will shape and cluster the results considerably.

In Figure 15, we present the country distributions of prices for traded properties pre- and postapplication of all three versions of an LTV cap, grouped in 25 standardized value buckets for better
comparison. At the country-aggregate level, the total number of houses sold decreases following the
introduction of whichever cap; Besides, the proportional caps have a distinctively stronger eect than
the xed alternative in the lowest price buckets: Buyers under the wealth-linear cap will have virtually
zero probability of bypassing it because of their low level of wealth; if under the median-centered
alternative, they can do no better as they are too far from the median value.
Our model, on the contrary, is moderate in the impacts for the highest-priced property buckets.
Some wealthy buyers may, of course, have contracted a loan with a high LTV ratio, be it because
of cultural reasons or for having been able to jump over the cap. Nevertheless, the absolute decline
in the traded properties for these market segments is very low or negligible with respect to other
quantiles of the distribution.
14

A comparison of empirical and copula-generated densities can be found in the Appendix.
We also conducted a preliminary analysis on the cross-country wealth distributions, but the diering supports and
the similarity of shapes do not justify including it in the nal conclusions.
15
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Figure 14: Generated loan-to-value ratio distributions by country.

The last stylized fact of the country-level responses to the cap is what was already noticed at the
aggregate HFCS level: There is a tendency for wealthy buyers with not-so-low LTV ratios, possibly
close to the cap value, to shift towards cheaper properties following the introduction of the measure;
this behavior results in a large mass shifting to the left of the distribution, hence lowering the average
trading price.
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In this Figure we present the country distributions of prices for traded properties pre- and post-application of all three
versions of an LTV cap (one absolute and two proportionate caps).
Figure 15: Country distributions of prices for sold properties pre- and post-LTV caps.
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(Figure 15 continued)

While reading succintly through the LTV ratio distributions, we reckoned that the variety of their
shapes had to be relevant for the results. Indeed, comparing the series of absolute declines in traded
properties by cap, country and bucket has allowed us to distinguish ve groups of countries:

1. Price-symmetric (BE,IE,NL): The eect of all three caps is similar in magnitude; houses traded
in the cheapest and most expensive property segments decrease by a similar, considerable amount,
while they increase symmetrically in the central buckets. All three countries have considerably more
households above the 80% and around the 100% LTV ratio, including wealthy agents. In fact, the
rst quartile of the wealth distribution in NL and BE is almost empty, suggesting strong appetite for
saving.
The result is a net increase in medium segments coming from a net decrease in the extreme ones.

2. Wannabe-targeting (EE,ES,PT): Again, the eects of the three variants of the cap do not
dier a lot, but now lower-priced buckets suer the cap much less and the movement is concentrated
in the medium ones: Within them, the cheapest are traded much more coming from the highest-
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valued ones being traded much less. An interpretation is that wealthy households in the middle of
the distribution have an appetite for high-LTV loans

16 .

Meanwhile, the richest buyers borrow at low

LTVs.
The result is a negligible change in medium segments due to osetting positive/negative within
variation.

3. Subprime-targeting (AT,FR,IT,LU): The absolute and wealth-linear proportionate cap behave
similarly while the median-centered one is dierent and has a stronger eect.

Only the cheapest

property buckets are aected. All in all, this suggests a at distribution of LTVs combined with a
left-skewed wealth distribution, implying a large number of households with little wealth and high
LTVs.
The result is a net decrease in low segments.

4. Flat (CY,PL,SK): Similar to case 3, but now the absolute cap has a smaller eect than the
two proportional ones ,which are very close to one another.

Such feature points to a left-skewed,

leptokurtic wealth distribution: The eect on the low-tier buyers in the case of the proportionate caps
is very similar because the median of the distribution is centered in the major part of the mass.

5. Hybrid (DE,GR): These two countries exhibit features from the other four categories. For
illustration, Greece is somehow price-symmetric in the sense that eects on cheapest and best
properties are symmetric in magnitude, but also subprime-targeting owing to the more pronounced
eect of the median-centered cap in the cheapest buckets.

Note that, for example, the wealth

distribution for Greece is virtually symmetric while the LTV ratio density is quite at.
An example of each type of country is depicted in Figure 16.

The full results can be found in

the Appendix, along with a comparison of the loan-to-value ratio distributions before and after the
application of a proportional cap. Intuitively, the wealth-proportional version fattens the right tail of
the density while the median-centered one renders the latter more symmetric.

In this gure we present an example of each type of country by cap type described above: Absolute (orange),
Wealth-linear proportionate (Dark red), Median-center proportionate (light red). Results are presented in dierences
with respect to the no cap case.
Figure 16: Absolute variation in properties traded by bucket for all types of countries.
16

A pattern that was, indeed, very frequent among Spanish households preceding the burst of the real estate bubble
in 2008.
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The results we have discussed in this section lead us to think that our ABM is a useful tool to
assess the impact of macroprudential policy measures at the country level, and that it can be a robust
complement to the existing, more parsimonious analytical frameworks. Moreover, our ndings stress
the need for careful implementation of policies, regardless of their simplicity, the eects of which can
vary considerably across agents as a function of their endowments (say wealth), appetite for credit (say
LTV) or exibility of their preferences (say willingness to accept purchasing lower-quality housing).

4

Conclusions

In this paper, we propose a simple model relying upon agent-based techniques to assess the impact
of a cap to the loan-to-value ratio.
Results based on simulated data are presented rst, assuming that initial liquid wealth, total wealth,
LTV at origination and property value parameters following three types of probability distributions in
which initial liquid wealth and LTV at origination can be positively and negatively correlated. The
application of an LTV cap naturally shifts the distribution of buyers towards lower price ranges, since
the cap constraint becomes binding for a signicant proportion of households under the assumption
that there is no change in their household's liquid assets and their ability to come up with the required
down payment. The inverse is true for higher-priced properties, where demand is relatively weak due
to the cap.
After this simulation exercise, the relevant probability distributions are calibrated on actual European
data. In that context, the second wave of the Household Finance and Consumption Survey (HFCS)
is used. We also deploy a copula-based approach for the estimation of multivariate distributions of
initial liquid wealth, debt-service-to-income ratios, LTV ratios and HMR Value at origination. Highvalue properties are not necessarily linked with high LTVs in the data; in fact, high LTVs correspond
mainly to the low and medium value of the house price range.

Hence, when we impose a cap on

LTV, low and medium value houses are more aected than high value houses. This evidence can also
be considered as revealing the presence of subprime mortgage loan segments in the European loan
markets, a potentially signicant feature with macroprudential policy implications.
When LTV cap impacts are calculated country by country, considerable heterogeneity arises. We
are able to distinguish between ve groups of countries owing to their reaction to the three versions
of the cap and the impact on the dierent price segments.
As stated above, based on the results, we think that the approach is a useful and complementary
alternative to the existing analytical framework for assessing the impact of macroprudential borrowerbased measures such as LTV caps. The major benets are the very few assumptions our method has
to make on the functional/distributional forms of observed credit lending parameters and its ability
to incorporate, even in a probably unsophisticated fashion, features related to the behavioral response
of borrowers to such measures. Moreover, due to the simplicity of the model, many simple extensions
can be added. For example, sharper sequential mechanisms for the property auctions or more than one
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time step. The vast amount of empirical data available may also allow for country-level calibration.
All in all, the results presented in this study have clear macroprudential policy implications, since
they allow us to gauge the potential impact of applying LTV limits to both the number and the price
of houses sold for each segment. Such an analysis may also provide some guidance as regards the
banks' credit contraction post-application of a specic cap.
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Appendix 1: Accuracy of copula-based LTV distributions vis-à-vis
HFCS data
In order to provide a metric how close the simulated cross-country LTV distributions are to the
observed one in the data, we have created a matrix of plots with the kernel density estimators for
both. As can be seen, the simulation mechanism succeeds in replicating the densities in the original
data.

In this Figure we provide a set of plots with the kernel density estimators for both the simulated and
the HFCS data (dashed red for the HFCS, blue for the simulated).
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Appendix 2: Details on the HFCS data
A2.1. Data cleaning and preparation
In a rst step (say quality assurance), we remove from the sample every observation for which any
of the following is true:



DL2100i (Has mortgage payments) is not 1.



DA1110i (Has HMR) is not 1.



fHB0800 (Flag for property value at acquisition) is not imputed, originally not collected or
originally no answer.



fHB1401 (Flag for initial amount borrowed) is not imputed, originally not collected or
originally no answer.



DN3001 (Net wealth) is blank.



HB0800 (Property value at acquisition) is blank.



DL2110 (Mortgage payments for HMR, ow) is blank.



DA1110 (Value of HMR) is blank.

Once the data is free from blanks and missing values, we lter the observations that:



Have an LTV ratio over 300%.



Have a debt service-to-income ratio above 50% or below 0%.



Have a net wealth-to-HMR value ratio of above 50% in absolute value.

After the data cleaning process, we are left with 11595 observations.

A2.2. Calibration of

qdB

We have tentatively calibrated this parameter using some aggregate information from the HFCS.

qdB

represents the probability of a buyer increasing his down payment; we deem reasonable to assume
that this will only happen if its nancial situation is suciently stable or, moreover, likely to improve.
For this purpose, we use four indicator variables:



HNB1700 (Household makes extra mortgage payments over contractual amount).



HNK0400 (Household expects the overall economic situation to improve).



HNI0700 (Household expects to have more savings next year).



(1-PNE2800x) (Household expects the work situation not to worsen in the near future).

We calculate the probabilities of positive responses conditional on data availability for all 4 variables,
then set

qdB

equal to their average. We obtain a value of 0.3024, which is what we use in the paper.
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Appendix 3. Detailed country results
The following tables show the absolute change in traded properties for all three cap cases by standardised
HMR value bucket.

These tables show the absolute change in traded properties for all three caps cases with respect the
no cap case.

We also present the information in the table above by country, grouped into the ve categories
described in Section 3.2.
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Group 1. Price-symmetric" countries

Group 2. Wannabe-targeting" countries

Group 3. Subprime-targeting" countries

Group 4. Flat" countries
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Group 5. Other countries

Finally, the following matrix of graphs (Figure A3.2) allows to gauge the eect of the two proportionate
LTV caps in the initial loan-to-value distributions. We do not show the histograms in the case of the
absolute cap for the sake of clarity, as they usually entail a concentration of buyers around the cap
value combined with an abrupt truncation of the distribution.
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In this gure we show the eect of the two proportionate LTV caps in the initial loan-to-value
distributions.
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